Seminal cytokines were previously reported to adversely affect process of spermatogenesis and ultimately induce poor semen quality. However, association between both IL-6 and TNF-a and leukocytospermia was not yet settled. The aim of this study was to evaluate the association between leukocytospermia and levels of interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a) in semen of infertile men. This cross-sectional study included 100 age-matched (≥18-45 years.) men. Participants were divided into four groups with 25 patients in each group: Group (A) -infertile patients with leukocytospermia and normal other semen parameters; Group (B) -infertile patients with leukocytospermia and abnormal semen parameters; Group (C) -infertile patients with oligospermia and/or asthenospermia and/or teratospermia but with no leukocytospermia; Group (D) -fertile patients with normal semen parameters and without leukocytospermia. All patients were assessed by detailed medical, sexual, fertility history, and complete physical examination. Laboratory assessment included hormonal and semen analysis and assessment of IL-6 and TNF-a in semen plasma. There were significant differences among the study groups regarding total sperm count, sperm concentration, and progressive motility (p < 0.05 for each). There was significant increase in semen WBC counts in groups A and B vs. groups C and D (p = 0.003). There were significant associations between increase levels of WBCs ≥ 5/ HPF and decrease levels of total sperm count (p = 0.023), sperm concentration (p = 0.001), and sperm progressive motility (p = 0.02). There were significant upregulations in mean level of IL-6 (p = 0.001) and mean level of TNF-a (p = 0.003) in groups A and B vs. groups C and D. Overall, leukocytospermia is associated with reduction in sperm count, progressive motility and further upregulation of seminal IL-6 and TNF-a. The effect of treatment of leukocytospermia on the level of seminal cytokines is important point of future research.
INTRODUCTION
A male infertility-associated factor is found together with abnormal semen parameters in 50% of infertile patients (Du Plessis et al., 2015) . Male infertility can be due to various etiological factors such as varicocoele, chronic prostatitis, smoking, drug abuse, exposure to toxins, vasectomy, urethroplasty, specific and non-specific genital tract infections like chlamydia trachomatis, gardnerella vaginalis, and ureaplasma urealyticum (Marchetti et al., 2002) .
Leukocytospermia refers to the presence of leukocytes in semen. It is defined by the World Health Organization (Ford 2010) as ≥1 9 10 6 WBC/mL of semen and is present in 10% to 20% of infertile men (Ford, 2010) . The condition can be an indicator of male genital tract infection or inflammation (Wolff, 1995; Agarwal et al., 2014) . Leukocytes (polymorphonuclear neutrophils and macrophages) have important implications in male fertility as they mediate sperm damage, including DNA fragmentation, through the secretion of reactive oxygen species (ROS) (Micillo et al., 2016) . Upregulation of seminal plasma concentrations of several cytokines, including interleukin-1 (IL-1), IL-6, IL-8, and tumor necrosis factor-alpha (TNF-a), has been reported to be associated with poor semen quality. Furthermore, there is increasing evidence that many of these cytokines can adversely affect spermatogenesis and steroidogenesis (Aghazarian et al., 2013) . Interleukin-6 and TNF-a have been identified in Sertoli and germ cells. Some cytokines were shown to affect sperm motility, viability and ova penetration capacity. In patients with leukocytospermia, there may be an increased level of IL-6 and TNF-a that may lead to infertility (Avendaño et al., 2010; Aghazarian et al., 2013) . A better understanding of these mediators' effect in infertile patients may contribute to better management of male infertility in clinical practice (Avendaño et al., 2010) .
Seminal cytokines were previously reported to negatively affect spermatogenesis. However, association between both IL-6 and TNF-a and leukocytospermia was not yet settled. Furthermore, the treatment that directly targets these seminal cytokines is not available and the effect of leukocytospermia treatment on the level of seminal cytokines is also unknown. Therefore, the association between cytokines and leukocytospermia is an important point of future research. In this study, we have evaluated the association between leukocytospermia and levels of IL-6 and TNF-a in semen of infertile men.
MATERIALS AND METHODS

Study design
This cross-sectional analytical study was carried out throughout the period from July 2016 to June 2017. The study included 100 age-matched men (≥18-45 years) attending the urology clinic at Suez Canal university hospital. Participants were divided into four groups with 25 patients in each group: Group (A) -infertile patients with leukocytospermia and normal other semen parameters; Group (B) -infertile patients with leukocytospermia and abnormal semen parameters, that is oligospermia and/or asthenospermia and/or teratospermia; Group (C) -infertile patients with oligospermia and/or asthenospermia and/or teratospermia but with no leukocytospermia; Group (D) -patients with normal semen parameters and without leukocytospermia.
All patients were subjected to the following baseline assessment: detailed medical, sexual, fertility history, and complete physical examination. Scrotal Doppler ultrasound was performed to confirm and document the findings of physical examination using a 7.5 MHz transducer (G40 TM , Siemens Healthcare, Mountain View, CA, USA). Patients underwent laboratory assessment that included follicle-stimulating hormone (FSH), luteinizing hormone (LH), prolactin, and total testosterone. The normal ranges are FSH: 1.5-12.4 mIU/mL (milli-international unit/milliliter), LH: 1.7-8.6 mIU/mL, prolactin: 4.1-20 ng/mL (nanogram/milliliter), testosterone: 2.8-8.8 ng/mL. Semen analysis was carried out according to the WHO 2010 laboratory manual for the examination and processing of human semen. The patients were instructed to abstain from sexual intercourse for at least 3-5 days. The specimen was obtained by masturbation in a special clean container and examined both physically and microscopically. The lower limits for normal semen parameters were as follows: sperm concentration ≥15 9 10 6 /mL, total sperm count ≥39 9 10 6 /ejaculate, progressive motility ≥32%, total motility ≥40%, sperm normal forms ≥4% (Ford, 2010) .
Leukocytes detection 'light microscope assessment'
Light microscope is used to differentiate spermatids and spermatocytes from polymorphonuclear leukocytes in a semen smear stained with the Papanicolaou. The procedure is based mainly on the differences in staining coloration, nuclear size, and shape. Polymorphonuclear leukocytes are bluish color stained, in contrast to the more pinkish color of spermatids. Nuclear size may also help for identification: monocyte nuclei exhibit a wide variation in size, from approximately 7 m for lymphocytes to over 15 m for macrophages (Ford, 2010) .
Quantitative detection of human IL-6 and TNF-a in semen plasma by sandwich ELISA kits technique For cytokine analysis, the semen sample was centrifuged at 3000 g for 10 min to pellet spermatozoa. Semen plasma was separated and stored at À85°C until analysis. Before use, the samples were thawed overnight at 4°C and diluted with trizma buffer with a ratio of 1 : 1. Semen plasma of patients and standards of kits were added, and then the plate was incubated at 377°C for 90 min. Biotinylated antibodies were added, and the plate was incubated at 377°C for 60 min. The plate was washed five times with 0.01 M TBS washing buffer. TMP color developing agent was added, and the plate was incubated at 37°C in dark for 15-20 min. TMB stop solution was added, and result was monitored (Politch et al., 2007) .
Definition
Infertile patients: unable to conceive for ≥1 year. Fertile patients: normal semen parameters and without leukocytospermia. Leukocytospermia: semen white blood cells ≥ 5/HPF or 1 million/mL and normal other semen parameters including count, motility and vitality according to WHO 2010 reference levels.
Exclusion criteria
Exclusion criteria were as follows: infertile patients with azoospermia, infertile patients under hormonal treatment or other drugs that can affect fertility such as cytotoxic drugs.
The institutional research and ethical committee (Institution Review Board) had reviewed and approved the study. Each patient had provided an informed consent.
Data analysis
Data collected from the study groups were analyzed using the Statistical Package for the Social Sciences (SPSS© ver.21.0) software program (SPSS, Inc., Chicago, IL, USA). Chi-square and Fisher exact tests were used to compare categorical variables. Student's t-test and Mann-Whitney U-test were used to compare the means of semen WBCs with respect to TNF-a and IL-6. Kruskal-Wallis test was used to compare means of more than two variables of not normally distributed parameters in all other cases. p-value < 0.05 was considered statistically significant.
RESULTS
A hundred adult men were recruited to this study. The mean age AE SD of the studied groups (A, B, C, and D) was 28.2 AE 7, 29 AE 6.9, 27.8 AE 7.2, and 28.7 AE 10.5 years, respectively. There was no significant difference among the study groups regarding age, residence, education, occupation, smoking or BMI (p ≥ 0.05 for each) ( Table 1) . Of the studied population, 47% presented with primary infertility, 28% presented with secondary infertility, 32% presented with scrotal pain. Left varicocele was diagnosed in 20%, bilateral varicocoele in 24%, epididymal cyst or hydrocele in 15% and normal ultrasonic finding in 41% of patients.
Semen parameters and hormonal profile among the studied groups
The mean AE SD of total sperm count was 42 AE 14, 32 AE 20, 21 AE 23, and 95 AE 21 (p value = 0.001); of sperm concentration 776 Andrology, 2018, 6, 775-780 was 16 AE 8, 9 AE 5, 7 AE 4, and 48 AE 32 (p value = 0.001); and of progressive motility was 34 AE 7, 23 AE 10, 21 AE 18, and 53 AE 8 (p value = 0.004) among groups A, B, C, and D, respectively. There were significant differences among the study groups regarding total sperm count, sperm concentration, and progressive motility; however, there was no significant difference regarding total abnormal forms (p value = 0.238) and semen volume (p value = 0.367) ( Table 2 ). The mean AE SD of serum: total testosterone was 4.15 AE 2.09, 6.15 AE 8.57, 5.13 AE 2.54, and 6.15 AE 2.19, (p = 0.129); of FSH was 4.6 AE 2.3, 5.4 AE 3.0, 6.3 AE 3.7, and 4.2 AE 1.2 (p = 0.172); of prolactin was 9.5 AE 2.1, 8.8 AE 1, 8.9 AE 3.1, and 7.9 AE 3 (p = 0.092); and of LH was 4.3 AE 2.5, 3.9 AE 2.4, 3.7 AE 3.3, and 4.7 AE 2.7 in the studied groups (A, B, C, and D), respectively. There was no significant difference in all hormones among study groups (Table 2) .
Leukocytospermia and other semen parameters
The mean AE SD of semen WBCs was 12.4 AE 6.3, 18.8 AE 13.2, 1.8 AE 1.4, and 2.2 AE 1 in groups A, B, C, and D, respectively. In Group A, 60% had 5-10 WBCs/HPF and 40% had > 10 WBCs/ HPF. In Group B, 52% had 5-10 WBCs/HPF and 48% had > 10 WBCs/HPF. In groups C and D, semen WBCs were < 5 cells per HPF. There was significant increase in semen WBCs counts in groups A and B vs. groups C and D (p value = 0.003) ( Table 2) . There were significant associations between increased levels of WBCs ≥ 5/HPF and decreased levels of total sperm count (p value = 0.023), sperm concentration (p value = 0.001), and sperm progressive motility (p value = 0.02). However, there were no significant differences among studied groups regarding semen volume (p value = 0.99), total abnormal forms (p value = 0.75), and all hormones (p value > 0.05) ( Table 3) .
Leukocytospermia and IL-6 and TNF-a
Mean of IL-6 in groups A, B, C, and D was 28.8 AE 11.6, 29.6 AE 16.7, 5.4 AE 4.3, and 0.7 AE 0.3, respectively (Table 2, Fig. 1a ). There were significant differences regarding mean levels of IL-6 (p value = 0.001) and semen WBCs (p value = 0.0001) between groups A and B vs. groups C and D (Tables 2 and 3) . Mean of TNF-a in groups A, B, C, and D was 7.4 AE 2.7, 8.3 AE 3.3, 4.3 AE 2.5, and 0.8 AE 0.6, respectively (Table 2, Fig. 1b ). There were significant differences regarding mean levels of TNF-a (p value = 0.003) and semen WBCs (p value = 0.0001) between groups A and B vs. groups C and D (Tables 2 and 3 ). There was significant difference between Group A and groups C and D, but there was no significant difference between groups A and B regarding IL-6 and TNF-a (Table 2) .
DISCUSSION
The etiology of male infertility can be classified into obstructive causes such as congenital absence of vas, postoperative ligation of vas, inflammatory obstruction, and non-obstructive causes such as hormonal, genetic abnormalities, varicocele, and genital tract infection. Leukocytospermia is found in the seminal fluid of approximately 20% of infertile men, even in the absence of inflammatory symptoms. Of all the different types of cells present in semen, leukocytes have been shown to be the main source of ROS (Simeonova et al., 1997; Liu et al., 2014) . Pathophysiology of leukocytospermia that proceed to male infertility is still unclear. Few studies found that leukocytospermia produces high levels of cytokines such as IL-6 and TNF-a that lead to high levels of breakdown products of oxygen such as ROS which in turn resulting in lipid peroxidation. Eventually, this mechanism may lead to the impairment of sperm motility and loss of fertilizing potential (Du Plessis et al., 2015; Micillo et al., 2016; El-Sakka, 2017) .
Several studies had reported presence of different cytokines in seminal plasma (SP) and most exposed of these cytokines are IL-6 and TNF-a (Politch et al., 2007; Fraczek & Kurpisz, 2015) . Seminal cytokines were previously reported to adversely affect process of spermatogenesis and ultimately induce poor semen quality. However, association between both IL-6 and TNF-a and leukocytospermia was not yet settled.
Several previous studies had reported the association between leukocytospermia and semen parameters; however, other studies had reported no association between leukocytospermia and abnormal semen parameters (Hussenet et al., 1993; Vilvanathan et al., 2016) . Again, how leukocytospermia affects semen parameters is still unclear. The design of the current study and division of the study population into four groups helped to investigate the relation between leukocytospermia and both IL-6 and TNF-a after exclusion of factors that may affect concentration of these cytokines such as oligospermia, asthenospermia, and teratospermia in infertile patients. Cytokines, such as IL-6 and TNF-a, are produced in the testis, where they regulate testicular functions under physiologic conditions. During inflammation, however, the levels of cytokines and reactive oxygen species increase, thus impairing the spermatogenetic process. Counting WBCs in semen samples was performed using light microscopy as it is the simplest and most readily available method (Vilvanathan et al., 2016) .
In the current study, there was no significant difference among the studied groups regarding socio-economic data age, obesity, and smoking. Patients with primary infertility were more prevalent than patients with secondary infertility. This could be due to the fact that those patients with primary infertility are usually more concerned in seeking medical advice than men with secondary infertility (Shafi et al., 2014) . Enwuru et al. investigated 162 infertile and 54 fertile patients and found that patients with leukocytospermia had decreased total sperm count and decreased sperm motility (Enwuru et al., 2016) . In contrast to previous studies, Vilvanathan et al. had not obtained any positive association of asymptomatic leukocytospermia and infertility (Vilvanathan et al., 2016) .
The present study demonstrated that leukocytospermia with ≥ 5 WBCs /HPF had negative effect on sperm concentration (p value = 0.023) and motility (p value = 0.021). However, there was no significant difference between studied groups regarding total abnormal forms of spermatozoa (p value = 0.750). Previous study found that there was significant deterioration in sperm normal morphology in leukocytospermic patients (Domes et al., 2012) . In the current study, there was no significant difference between studied groups regarding blood levels of total testosterone, prolactin, FSH, and LH. Supporting our result, Dousset et al., (1997) also showed that there was no relationship between serum values of FSH, LH or testosterone and cytokine contents in the seminal plasma.
Nandipati et al. found that there was a significant correlation between IL-6 and concentration of semen WBCs. The concentration of IL-6 is not clearly decreased in vasectomized men which suggested a predominantly prostatic origin of IL-6 (Nandipati et al., 2005) .
In present study, we found that mean of IL-6 concentration in groups A, B, C, and D was 28.8 AE 11.6, 29.6 AE 16.7, 5.4 AE 4.3, and 0.7 AE 0.3, respectively . Consistent with the current result, a previous study investigated 58 semen samples from 28 infertile men without leukocytospermia, 16 infertile men with leukocytospermia, and nine proven fertile men. The IL-6 level in the seminal plasma with leukocytospermia was significantly higher than that in the seminal plasma without leukocytospermia (Dehghan Marvast et al., 2016) . The seminal leukocytes concentration was positively correlated with many the immunologic factors: IL-1b, IL-6, MIP-1a, MIP-1b, TNF-a, and IgA concentrations (Politch et al., 2007) . In contrast to these results, an other study documented that IL-6 was present in all human seminal plasma of all infertility men with or without clinical signs of infection (Kratzsch et al., 2008) . IL-6 was high in patients with leukocytospermia with or without oligospermia, asthenospermia, and teratospermia, but IL-6 concentration in normal fertile and in patients with OAT only was below 10, confirming previous studies stated that the concentration of IL-6 above 15 to be significantly high (Koc ßak et al., 2002) . 778 Andrology, 2018, 6, 775-780 In present study, the mean of TNF-a concentration in groups A, B, C, and D was 7.4 (AE2.7), 8.3 (AE3.3), 4.3 (AE2.5), and 0.8 (AE0.6), respectively. Previous study reported that the concentration of TNF-a above 5 to be significantly high (Koc ßak et al., 2002) . TNF-a results in decreased sperm motility, viability, and affection of sperm membrane integrity (Estrada et al., 1997) . In contrast, more recent study reported that there was no correlation between level of seminal TNF-a and semen parameters (Pascarelli et al., 2017) .
The aim of the current study was to evaluate the association between leukocytospermia and levels of IL-6 and TNF-a in semen of infertile men and not to investigate the underlying inflammatory process mechanisms of this association. The effect of infection type on the level of seminal plasma cytokines was not investigated in current study. In contrast to a study that found high TNF-a in all leukocytospermic patients (Seshadri et al., 2012) , a study that investigated uropathogens reported that TNF-a was high only in semen plasma of patients infected with Gram-negative bacteria rather than patients infected with Gram-positive bacteria (Lang et al., 2014) .
The current study clearly demonstrated that there is positive correlation between leukocytospermia and IL-6 and TNF-a. Therefore, ultimately IL-6 and TNF-a may be utilized as markers for the diagnosis of leukocytospermia in the future. The main limitation of this study was the relatively small sample size. Future studies are needed to identify the effect of type of infection on the level of IL-6 and TNF-a. Furthermore, the effect of treatment of leukocytospermia on the level of seminal cytokines is another important point of future research.
CONCLUSION
This study clearly demonstrated that leukocytospermia is associated with reduction in sperm count, progressive motility, and further upregulation in seminal IL-6 and TNF-a which might be used as potential markers for the detection of leukocytospermia in infertile men.
